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Purpose. To evaluate a novel approach to preserve pelvic perfusion during endovascular AAA repair in patients with
common iliac aneurysms extending to the iliac bifurcation.
Materials and methods. A multicenter prospective analysis of patients undergoing implantation of a branched endograft
designed to perfuse the internal iliac artery was conducted. All patients enrolled were considered high risk for open surgical
repair and presented with common iliac artery aneurysms greater than 20 mm and anatomy amenable to implant the
branched device. Preoperative high resolution spiral CT, and follow-up CT studies in addition to abdominal radiographs
were obtained at discharge, 1, 6, 12, and 24 months.
Results. Between 2003 and 2006, 52 patients (53 internal iliacs) were implanted with an investigational device. Mean
common iliac aneurysm maximal diameter was 38 mm. The branch graft was combined with a proximal standard bifur-
cated component (61%), a fenestrated or a visceral branch component (33%), an aortouni-iliac component (2%), and alone
in 2 patients (4%, following prior aortobi-iliac repair). Technical success was achieved in 94% of patients. Within the first
month, 6 (11%) internal iliac branches occluded. No occlusions were noted after 1 month. The mean follow-up was 14.2
months. Common iliac aneurysm shrinkage was noted in 42% and 81% of patients at 6 and 12 months. There were no
rupture, aneurysm related deaths or conversions, but there were 7 deaths during follow-up.
Conclusions. The placement of endovascular prostheses that maintain antegrade perfusion of one or both internal iliac
arteries is feasible, and early results provide evidence for optimism with regard to safety and efficacy.
Keywords: Aortoiliac aneurysm; Iliac aneurysm; Hypogastric aneurysm; Endovascular aneurysm repair; Branched
endograft; Stentgraft; Claudication; Aortic aneurysm; Fenestrated endograft; Thoracoabdominal aneurysm.Introduction
The management of infrarenal aortic aneurysms has
been radically altered following the advent of endo-
vascular devices. However, commercially available
stent grafts have limitations with respect to the anat-
omy of the proximal neck and the ability to seal
within ectatic, aneurysmal or short common iliac
arteries. Fenestrated devices have been proposed as
a means to address the proximal limitations,1 but
techniques to address distal concerns have been
restricted to large diameter iliac stents, embolization
with subsequent extension of the device into the exter-
nal iliac artery, or simple occlusion of the internal iliac
artery using an overstenting technique. Although
major complications following interruption of internal
iliac flow are uncommon, the lack of antegrade flow
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individuals to a higher incidence of colon, spinal
cord or pelvic ischemia.2e5 Internal iliac flow has
been preserved by hybrid procedures whereby the in-
ternal iliac is transposed or bypassed to the external
iliac artery or femoral artery.6,7 A few case reports of
pure endovascular internal iliac artery (IIA) branch
grafts have been published8 and two series.9,10 We
previously published our initial experiences with
branches to the visceral, renal and internal iliac
arteries.9 This manuscript is intended to update the in-
ternal iliac branch series and convey the intermediate-
term follow-up data.
Materials and Methods
Patients considered high risk for an open surgical re-
pair were enrolled at the Cleveland Clinic Foundation
into one of two physician sponsored investigational
device exemption studies and signed an informed
consent approved by the institutional review board,
or through a research registry at five hospitals outsiderved.
568 S. Haulon et al.of the United States (the University Hospital of Lille,
France; Catharina Hospital in Eindhoven, the Nether-
lands; Peter Lougheed Centre, Calgary, Canada;
McMaster Universtiy Hospital in Hamilton, Ontario,
Canada; Mount Medical Center in Perth, Australia).
Patients were then treated with unilateral or bilateral
internal iliac branch devices in conjunction with
a proximal device intended to treat the infrarenal
AAA (Zenith Tri-fab), juxtarenal AAA (Zenith Fenes-
trated), or thoracoabdominal aneurysms (Zenith
Branch). High resolution spiral CT scans were ob-
tained prior to the procedure, at hospital discharge
and at 1, 6, 12, and 24 months. Buttock claudication
was assessed during follow-up visits.
Device Description. The internal iliac branch device
consists of a 12 mm tubular portion that is intended
to extend from the origin of the common iliac artery
to the external iliac to which a 6 or 8 mm tubular
branch is anastomosed. The anastomosis is created
distal to the proximal edge of the graft in an beveled
manner to mimic the anastomotic geometry to that
employed when constructing an end-to-side surgical
graft (see Fig. 1). The internal iliac branch length is
29.3 mm total helical length from the center of the
anastomosis to the outlet branch and is wrapped
around the 12 mm tubular graft terminating 150 de-
grees from the proximal anastomosis. Markers are
placed on the branch to facilitate fluoroscopic orienta-
tion. The device is loaded into a 20F sheath. A 4F cath-
eter and 0.03500 wire are used to enter the branch in
a retrograde manner exiting the device through the
lumen of the 12 mm tube, ultimately passing through
a groove within the nose cone of the delivery system.
Sizing. When the study was initiated there were
two branch sizes including a right sided version and
a left sided version. However, over the past two years,
the 6 mm devices have been abandoned and the 8 mm
devices were exclusively utilized. Thus, if the internal
iliac artery arises from the expected location (posterior
medial portion of the common iliac artery) the respec-
tive side branched device was used. In the setting of
unusual anatomy, the devices could be reversed to
better handle the marked tortuosity noted in some
iliac vessels. The mating self-expanding stentgraft
was oversized slightly to the branch diameter and
internal iliac sealing zone. The more proximal compo-
nents were sized in the manner typically used to plan
such a repair, with attention directed to the location of
the contralateral limb origin. The bifurcation of the
aortic component was designed to be deployed ap-
proximately 1 cm above the proximal terminus of
the iliac branch device. A specified extension limb
was then chosen to bridge the distance between the
two structures.Eur J Vasc Endovasc Surg Vol 33, May 2007Implantation Procedure (see Fig. 2). The femoral ar-
teries are exposed and the patient is anticoagulated.
If the aortic portion of the aneurysm is juxtarenal or
thoracoabdominal in nature then the (proximal) com-
ponent incorporating the visceral vessels is placed
first (non-bifurcated component). The helical iliac de-
vice is oriented prior to insertion in such a manner
that the markers denoting the distal ostium of the
branch are aligned with the internal iliac artery. An
angiogram is performed to note the location and angle
of the internal iliac branch. Contralateral access is
established with a 20 cm 8F sheath. The helical device
is inserted, properly oriented to align the branch
with the internal iliac artery and the preloaded wire
is replaced with a hydrophyllic wire which is ad-
vanced, and snared from the contralateral iliac artery.
The device is then partially deployed by withdrawing
Fig. 1. The helical devices consists of full thickness polyester
fabric in conjunction with stainless steel stents fashioned in
a manner similar to the Zenith device (Fig. 1A). The junction
between the helical limb and tubular common iliac portion
is a beveled anastomosis that mimics a surgical end-to-
side anastomotic geometry. The crimps in the fabric within
the proximal stent are created to improve the overall joint
strength of the device. A preloaded catheter and wire
(Fig. 1B, red arrows) transcends the delivery system. The
wire and catheter enter the branch in a retrograde fashion
and exit through the proximal device lumen. This mecha-
nism provides ready access into the branch ostium after
the preloaded wire is snared from the contralateral femoral
access site.
569Branched Grafting for Aortoiliac Aneurysmsthe sheath until the branch limb is expanded (main-
taining the external iliac portion within the sheath).
With through and through wire access established,
a 12F Balkin sheath (Cook Inc. Bloomington, IN,
USA) or 11F sheath (Arrow) is advanced from the con-
tralateral side while traction is maintained on the
wire. This contalateral sheath is advanced into the or-
igin of the 12 mm common iliac component, into the
branch limb, terminating in the distal aspect of the
branch. A steerable guidewire-catheter combination
(Kumpe catheter, Cook Inc., and a hydrophyllic
wire) are advanced through the 12F Balkin sheath
along side the through-and-through wire. The cathe-
ter and wire are readily advanced into the distal inter-
nal iliac artery and a stiffer wire is then placed (Rosen
Wire, Cook Inc.). Over this stiff wire a self-expandable
stentgraft (Fluency C.R. Bard Inc, NJ, Viabahn, W.L.
Gore, Flagstaff AZ, USA), or in two cases a balloon ex-
pandable stentgraft (Advanta V12, Atrium Medical,
Hudson NH, USA or Jomed, Abbott Labs, Red
Oaks, CA, USA) were inserted and deployed such
that there is at least a 2 cm seal within the internal iliac
artery and 2 cm seal within the branch limb. Addi-
tional radial force was required to ensure patency of
the branch limb in some cases where there was
Fig. 2. The deployed internal iliac branch is visualized here.
A 12F Balkin sheath is within the tubular section immedi-
ately proximal to the branch. A Rosen wire has been passed
into the distal internal iliac circulation. The red arrows de-
note the margins of the 10 mm 60 mm Fluency graft, while
the yellow arrow notes the position of the three distal
markers that are intended to be placed immediately above
the internal iliac origin. Markers on the residual aspect of
the helical component highlight the path of the graft.marked tortuosity. This was accomplished by deploy-
ing a short balloon expandable stent within the
proximal aspect of the limb (Genesis 6 mm or
8 mm 18, 24, 29 or 39 mm Cordis, Great Lakes NJ).
The remainder of the external iliac limb is deployed
in the standard fashion, the trigger wires removed
and the delivery system is then withdrawn. The iliac
branch component is then mated to the remainder of
a Zenith graft with a specific extension.
Definitions and Reporting. Endovascular results are
reported in accordance with the most recent reporting
standards document11 whenever applicable. Technical
success was defined as a deployment of the device in
the intended position with a patent internal and exter-
nal iliac artery in the absence of type I and III endo-
leak (completion angiogram), and survival through
24 hours.
Results
From October 2003 through September of 2006, 52 pa-
tients (90% male) with a mean age of 72 (range, 56e86
year-old) were treated with one or two (in one patient)
helical branch devices. The respective mean maxi-
mum diameter of the common iliac and the abdo-
minal aorta were 38 mm (range, 23e78 mm), and
56 mm (range, 32e89 mm), the later of which includes
the normal aortic size of 4 patients that did not have
an AAA (isolated common iliac aneurysms). Bilateral
common iliac aneurysms were present in 80% of the
patients. The procedural details were available only
for patients treated at The Cleveland Clinic Founda-
tion, where the endovascular portion averaged 64
minutes of fluoroscopy time and 208 cc of contrast.
All patients outside the US were treated under gen-
eral anesthesia, while 42% in the US were treated us-
ing regional or local anesthesia. The mean hospital
stay was 5 days in the US and 9 days at other centers.
The proximal component connected to the
branched endograft was a Zenith Trifab (61%), or a
Zenith fenestrated or branched endograft (33%) for
the majority of the patients. A single patient was
treated with an aortomonoiliac device in conjunction
with the iliac branch device (2%), and two patients
were treated with iliac branch devices alone in the set-
ting of prior aorto-iliac repairs with distal aneurysm
formation (4%). The majority of implants utilized
8 mm branches (77%), with only 12 limbs implanted
with the 6 mm branch (23%). Technical success was
achieved in 94% of patients. There were no conver-
sions to open surgery. Technical failure resulted
from an inability to visualize the internal iliac artery
in two patients following introduction of the iliacEur J Vasc Endovasc Surg Vol 33, May 2007
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within the proximal internal iliac artery and we
hypothesize that internal iliac origin was compressed
by the sheath occluding it. A third technical failure
was attributed to a tight calcified aortoiliac bifurcation
and prior aortic tube graft repair. Despite deployment
of the common iliac branch device we were unable to
deploy the self-expanding stentgraft over the bifurca-
tion and the branched procedure was aborted. In each
of the three technical failures, a limb extension from
the Tri-fab system (ESLE 12-55) was deployed to
occlude the origin of the helical branch.
Follow-up and Mortality. The mean follow up was
14.2 months. One patient withdrew from the study
during the follow-up, and all other patients were
accounted for. There were no aneurysm related deaths
in this series. During the follow-up period, 7 patients
died (6 from cardiac causes and 1 from a ruptured
cerebral aneurysm).
Helical Branch Patency. A total of 6 internal iliac
arteries thrombosed following technically successful
deployments (two prior to hospital discharge, and
four within one month). The two cases of internal iliac
branch thrombosis prior to hospital discharge oc-
curred in women with small internal iliacs, one of
which suffered from an internal iliac artery dissection
created during the procedure. The remaining four
cases involved a balloon-expandable stentgraft
(discussed in more detail below), a deep internal iliac
aneurysm which required over 10 cm of internal iliac
artery coverage with two 60 mm long Fluency
stentgrafts (see Fig. 3), the last of which abutted the
internal iliac bifurcation, one heavily calcified internal
iliac origin, and a single case whereby common iliac
tortuosity compressed the helical iliac limb. Sub-
sequently, when the later situation was noted intra-
operatively, a short balloon expandable stent was
placed within the branched limb for added outward
radial force. There were no branch vessel limb occlu-
sions after 30 days. No differences in patency rates
were noted for the differing branch sizes (6 mm or
8 mm) or the side of implantation.
Aneurysm Morphology and Endoleaks. Sac shrinkage
of the aortic portion was noted in 54% of patients at
6-month, and in 80% of patients at 12-month. Com-
mon iliac artery aneurysm shrinkage was observed
in 42% of patients at 6-month, and in 81% of patients
at 12-month. No patient demonstrated aneurysm
growth during follow-up. Type II endoleaks were de-
picted in 6/52 patients at discharge, 5/46 patients at
1-month, 5/31 at 6-month, 1/21 patients at 12-month,
and neither of the two patients with 24 month follow-
up studies had endoleaks. No type I or III endoleaks
were observed.Eur J Vasc Endovasc Surg Vol 33, May 2007External Iliac Limb Occlusions. Two contralateral iliac
limbs (non-branched) thrombosed in the setting of
very tortuous external iliac arteries (see Fig. 4) and
one iliac limb thrombosed following a branch limb
thrombosis that was noted one week after the initial
procedure. Thus, there were no thromboses of iliac
limbs in the setting of a patent branch. All limb
thromboses were treated with thrombolytic therapy
to reopen the iliac artery, and a self-expanding nitinol
stent was used to transition the distal external iliac
device to the native artery. All of the thrombosed
limbs are patent to date following the secondary
interventions.
Buttock claudication. No patient presented clinical
evidence of colon ischemia or spinal cord ischemia
during follow-up. Hip and/or buttock claudication
was universally noted on the side of the embolized
and covered internal iliac artery. Additionally all
patients who thrombosed their iliac limb following
discharge could pinpoint the date of thrombosis based
upon the development of claudication.
Discussion
The primary goal of the helical branched endograft is
to preserve antegrade flow into at least one internal
Fig. 3. This patient underwent a technically successful repair
of an aortic, common iliac and internal iliac aneurysm. The
disease within the internal iliac bed mandated the deploy-
ment of two Fluency stentgrafts (each 60 mm in length) to
completely exclude the internal iliac aneurysm. The patient
had a patent graft at discharge, but branch occlusion was
noted at the 30 day visit.
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ment an increased risk of colon ischemia, spinal
cord ischemia, and erectile dysfunction4,5 when one
or both of the internal iliac arteries are occluded, the
most common morbid event associated with this
Fig. 4. The extreme tortuosity of the external iliac arteries in
this patient (Fig. 4A) created some challenges with the tech-
nical aspects of device orientation and branch graft deploy-
ment. The contralateral (non-branched) iliac limb occluded
within 1 week of the procedure. The patient was treated
with thrombolysis and an additional stent (nitinol self-
expanding) was deployed to bridge the tortuosity in the
transition zone between the stentgraft limb and native exter-
nal iliac artery (red arrow Fig. 4B).approach is hip and buttock claudication.3 In our se-
ries antegrade perfusion of the internal iliac artery
averted ipsilateral hip and buttock claudication in
all patients with patent branch devices, and in the
small number of patients who developed occlusions
following hospital discharge, all could define the
time when the branch occluded. Thus, if the goal in
vascular patients is to limit claudication and encour-
age exercise rehabilitation to prolong life and health,
then internal iliac preservation may be of marked
assistance. Three devices have been described in the
literature,8,9 and this report focuses on the helical
branch design.
Helical Branch Design. The two primary anatomic
factors limiting the applicability of internal iliac
branch repair are the length of the common iliac ar-
tery, and tortuosity of the common, external and inter-
nal iliac arteries. Common iliac artery length remains
critical, given the desire to house the entire internal
iliac branch device within the common iliac system.
Extension of such a graft into the aortic segment has
the potential to destabilize the durability of the over-
all repair by adding modular joints into a region
where morphologic change is frequently observed.
The tortuosity of the iliac system is difficult to quan-
tify, but can effect the ability to deliver and orientate
the common iliac component. Therefore the helical
design was created to have no appendages that ex-
tend from the common iliac component (to maintain
rotational ability) and to be capable of addressing
the severe angulation that is frequently noted
between the external and internal iliac artery origins
in large common iliac aneurysms. The tortuosity of
the internal iliac system was felt to be best managed
with a self-expanding nitinol stentgraft. To prevent
potential kinking of this mating stentgraft, such a de-
vice would require substantial overlap between the
self-expanding stentgraft and the common iliac device
as well as a long sealing zone within the internal iliac
system. The helical design was created to provide
a long overlap zone (20 mm) between the common
iliac device and mating self-expanding stentgraft, as
well as alter the direction of the common iliac artery
to the internal iliac artery in an effort to diminish
the tortuosity and risk of kinking. In our experience,
this device resulted in minimal angulation of the mat-
ing branch device (see Fig. 5), and maintained flexibil-
ity to react to the potential conformational changes
that have been noted following endovascular repairs.
One of the two cases where balloon-expandable stents
were used in conjunction with the helical branch re-
sulted in an occlusion within 30 days of the implant.
Although one cannot base conclusions on a single
case, the helical device was not designed to be usedEur J Vasc Endovasc Surg Vol 33, May 2007
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stents.
The device is quite versatile as it can be used to
treat both internal iliac arteries simultaneously or in
the setting of a contralateral common iliac occlusion
whereby the branch is delivered from a brachial ap-
proach (see Fig. 6). The ability to treat almost all
tortuous common iliac aneurysms, tortuous internal
iliac arteries, and aneurysms that extend into the in-
ternal iliac arteries in conjunction with aneurysms
that abut or involve the visceral vessels, offers a major
advance over open surgical approaches. Retroperito-
neal aortic exposure creates challenges for aneurysms
that extend into the iliac circulation, particularly
on the right side. One-third of our patients were
treated with combination proximal (renal or mesen-
teric) fenestrated or branched devices with branches
into one of the internal iliac arteries. Despite the
complexity of some of these procedures, the technical
success rate was high. This approach to complex
extensive aneurysms will change the methods by
which surgeons approach the management of this
disease.
Technical Failure and Branch Thrombosis. The
relatively high rate of technical success noted in this
series attests to the versatility of the device rather
than the simplicity of the cases. Many cases of marked
tortuosity, preoperative contralateral iliac thrombosis
Fig. 5. The helical branch is totally straight after it exits from
the device (red arrows) in this patient who had multiple
aneurysms (thoracic, infrarenal, iliac, and femoral).Eur J Vasc Endovasc Surg Vol 33, May 2007Fig. 6. These images demonstrate the versatility of the de-
vice. Fig. 6A shows the single case where both internal iliacs
were treated with helical branches. The length of the com-
mon iliac arteries were sufficient to accommodate both heli-
cal limbs allowing the procedure to be performed without
compromising the durability of the aortic repair. Fig. 6B
shows a case of a helical branch used to preserve the sole in-
ternal iliac in the setting of a chronic contralateral common,
internal and external iliac occlusion. The mating endograft
was delivered from a brachial approach.
573Branched Grafting for Aortoiliac Aneurysms(mandating brachial access to the branch), disease
extending into the internal iliac system, and aneu-
rysms proximal to the renal arteries are reported in
this series. Overall it appears that if the device is
satisfactorily deployed and long-term patency is
achieved, claudication will be averted and the proce-
dure should be considered a success; but if the inter-
nal iliac is not preserved (i.e. a technical failure or
early branch occlusion) and the branch ostium is
covered, then the result is no different than conven-
tional endovascular treatments commonly employed
today.
External Iliac Limb Thrombosis. Some investigators
have postulated an increased risk of limb thrombosis
noted in cases where a seal is established within the
external iliac artery. In our series two non-branched
iliac limbs thrombosed and one occluded branch
limb thrombosed occurred. Thus, therewere no throm-
boses of iliac limbs in the setting of a patent branch.
The possibility that increased flow within the iliac
limb in the setting of a patent internal iliac branch
maybeprotective of limb thrombosis cannot be proven,
but remains a consideration. In each case of observed
limb thrombosis thrombolytic therapy was used to
reopen the limb and a self-expanding nitinol stent
was used to transition the distal external iliac segment
to the native artery (see Fig. 4).
General Endovascular Parameters. There were no an-
eurysm related deaths, and all late mortalities were
classified according to cause. The effect of the device
upon the aneurysm following deployment was in
accordance with standard Zenith devices. The major-
ity of aneurysms (80%) decreased in size at the aortic
level as well as at the common iliac level. The number
of endoleaks paralleled that of other reports with the
Zenith endografts, and there were no type I or III
leaks despite the added joints and additional sealing
segment.
Durability. Given an unlimited life expectancy all
implanted prostheses are destined to fail. The integ-
rity of these devices was scrutinized and no stent frac-
tures were noted. The absence of supporting metallic
structures on the helical limb was intended to mini-
mize any interaction with the requisite self-expanding
stentgrafts that were deployed within it. The gradual
curve taken by the helix was intended to avoid any
marked kinking or tortuosity of the branched limb.
A single explant was retrieved from an autopsy. A
patient, who had undergone a visceral/renal branch
repair and internal iliac artery branch repair expired
7 months after the procedure as a result of a myocar-
dial infarction during a hospital admission. An
autopsy was performed and the prosthesis was har-
vested and analyzed. This provided us with somedata supporting the integrity of the branches and
joints in vivo.
In conclusion, the implantation of the helical
branched endograft is technically feasible in multiple
centers and preserves anterograde blood flow into the
internal iliac artery. There are technical issues with re-
spect to the complexity of the procedure, added equip-
ment, and the potential for destabilizing the overall
aortic repair with the addition of modular components
and sealing zones, which must be balanced against the
benefit of avoiding claudication or other issues associ-
ated with internal iliac occlusion. Of course, long-
term results and larger series are necessary to further
delineate the safety and efficacy of this device.
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